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SENSOR-EQUIPPED DISPLAY DEVICE AND
SENSOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 20135-1835395,

filed Sep. 18, 2013, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a sen-
sor-equipped display device and a sensor device.

BACKGROUND

Recently, a sensor-equipped display device comprising a
sensor (often called a touch panel) capable of detecting
contact or approach of an object, has been put 1nto practical
use. As an example of the sensor, a capacitive sensor capable
of detecting contact or approach of an object, based on a
variation 1n electrostatic capacitance 1s well known. A
detection electrode and a sensor driving electrode constitut-
ing the sensor are disposed 1n a display area 1n which images
are displayed, and opposed to each other with a dielectric
interposed between the electrodes. The detection electrode 1s
clectrically connected to a lead line located outside the
display area.

Requests for downsizing of the display device are
increased while the display area 1s extended, and a periphery
outside the display area tends to become a narrow frame. For
this reason, the sensor driving electrode and the lead line are
often disposed closely to each other. In this case, the lead
line may function as a sensor due to capacitive coupling
between the sensor driving electrode and the lead line. For
example, iI an object which 1s to be detected contacts or
approaches the vicinity of an outermost periphery of the
display area, variation in the electrostatic capacitance of the
lead line 1s detected. For this reason, the detection electrode
connected to the lead line performs error detection as if the
detection electrode detected the detected object at a position
different from a position where the detection electrode
should detect the detected object.

Thus, for example, a technology of disposing a grounded
conductive material outside the display area between the
sensor driving electrode and the outer peripheral line (lead
line) and blocking the capacitive coupling between the
sensor driving electrode and the outer peripheral line has
been proposed.

SUMMARY

The present application generally relates to a sensor-
equipped display device and a sensor device.

According to one embodiment, a sensor-equipped display
device includes a display panel which includes a sensor
driving electrode disposed 1n a display area for displaying an
image, detection electrodes each including a body portion
opposed to the sensor driving electrode 1n the display area
and a broadened portion connected to the body portion and
formed to be wider than the body portion, and a lead line
disposed 1n a non-display area outside the display area and
clectrically connected to the broadened portion. The broad-
ened portion 1s disposed in the non-display area without
being overlaid on the display area in planar view.
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Additional features and advantages are described herein,
and will be apparent from the tollowing Detailed Descrip-
tion and the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view schematically showing a
configuration example of a sensor-equipped display device
of one of embodiments.

FIG. 2 1s a view schematically showing a basic configu-
ration and an equivalent circuit, of the liquid crystal display
device DSP shown 1 FIG. 1.

FIG. 3 1s an equivalent circuit diagram showing one of
pixels PX shown in FIG. 2.

FIG. 4 1s a cross-sectional view schematically showing in
part a structure of the liquid crystal display device DSP.

FIG. 5 1s a plan view schematically showing a configu-
ration of the sensor SE of the present embodiment.

FIG. 6 1s a plan view enlarging and schematically show-
ing a part of the sensor SE shown 1n FIG. 5.

FIG. 7 1s a cross-sectional view schematically showing a
structure of a display panel PNL including a part of the
sensor SE shown in FIG. 6.

FIG. 8 1s an 1illustration for explaining a principle of an
example of a sensing method.

FIG. 9 1s another plan view enlarging and schematically
showing a part of the sensor SE shown 1n FIG. 5.

FIG. 10 1s yet another plan view enlarging and schemati-
cally showing a part of the sensor SE shown 1n FIG. 5.

FIG. 11 1s yet another plan view enlarging and schemati-
cally showing a part of the sensor SE shown 1n FIG. 5.

FIG. 12 1s yet another plan view enlarging and schemati-
cally showing a part of the sensor SE shown 1n FIG. 5.

FIG. 13 1s a plan view schematically showing another
configuration of the sensor SE of the embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a sensor-
equipped display device, includes: a display panel which
includes a sensor driving electrode disposed in a display area
for displaying an image, detection electrodes each including
a body portion opposed to the sensor driving electrode 1n the
display area and a broadened portion connected to the body
portion and formed to be wider than the body portion, and
a lead line disposed 1n a non-display area outside the display
area and electrically connected to the broadened portion; and
a driving module which supplies a sensor drive signal to the
sensor driving electrode, allows the sensor drive signal {from
the sensor driving electrode to be detected as a detection
signal by each of the detection electrodes, and reads varia-
tion of the detection signal via the lead line, the broadened
portion being disposed 1n the non-display area without being
overlaid on the display area in planar view.

According to another embodiment, a sensor device
opposed to a display device including a display area for
displaying an i1mage and a non-display area outside the
display area, the sensor device includes: a sensor driving
clectrode opposed to the display area; detection electrodes
cach mcluding a body portion opposed to the sensor driving
clectrode and a broadened portion connected to the body
portion and being wider than the body portion; a lead line
opposed to the non-display area and electrically connected
to the broadened portion; and a driving module which
supplies a sensor drive signal to the sensor driving electrode,
allows the sensor drive signal from the sensor driving
clectrode to be detected as a detection signal by each of the
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detection electrodes, and reads variation of the detection
signal via the lead line, the broadened portion being opposed
to the non-display area without being opposed to the display
area.

According to yet another embodiment,

a sensor-equipped display device, includes: a sensor driving
clectrode disposed 1n an outermost periphery 1 a display
area lor displaying an image; detection electrodes each
including a body portion opposed to the sensor driving
clectrode 1n the display area, and a broadened portion
connected to the body portion and being wider than the body
portion; and a lead line disposed in a non-display area
outside the display area and electrically connected to the
broadened portion, the broadened portion being disposed in
the non-display area without being opposed to the sensor
driving electrode.

According to yet another embodiment, a sensor device
disposed to be overlaid on a display device including a
display area for displaying an image and a non-display area
outside the display area, the sensor device includes: a sensor
driving electrode opposed to a position 1 an outermost
periphery 1n the display area; detection electrodes each
including a body portion opposed to the sensor driving
clectrode 1n the display area, and a broadened portion
connected to the body portion and being wider than the body
portion; and a lead line opposed to the non-display area and
clectrically connected to the broadened portion, the broad-
ened portion being opposed to the non-display area without
being opposed to the sensor driving electrode.

Embodiments will be described hereinafter with reference
to the accompanying drawings. The disclosure 1s merely an
example, and proper changes 1n keeping with the spirit of the
invention, which are easily conceivable by a person of
ordinary skill 1n the art, come within the scope of mnvention
as a matter ol course. To better clarity the explanations, the
drawings may schematically show width, thickness, shape
and the like, of each portion as compared with the actual
aspect, but they are mere examples and do not restrict the
interpretation of the invention. Furthermore, 1n the specifi-
cation and drawings, constituent elements having the same
or similar functions as those described 1n connection with
preceding drawings are denoted by like reference numerals
and duplicated detailed explanations may be arbitrarily
omitted.

FIG. 1 1s a perspective view schematically showing a
configuration example of a sensor-equipped display device
of one of embodiments. In the present embodiment, a liquid
crystal display device 1s described as an example of a
sensor-equipped display device. The display device can be
used for, for example, various devices such as a smartphone,
a tablet terminal, a mobile telephone terminal, a personal
computer, a TV receiver, a vehicle-mounted device, and a
game console. The major configuration explained in the
present embodiment can also be apphed to a self-luminous
display device comprising an organic electroluminescent
display element and the like, an electronic paper display
device comprising a cataphoretic element and the like, a
display device employing micro-electromechanical systems
(MEMS), a display device employing electrochromism, and
the like.

A liquid crystal display device DSP comprises an active-
matrix display panel PNL, a drniving IC chip IC1 which
drives the display panel PNL, a capacitive sensor SE, a
driving 1C chip IC2 which drives the sensor SE, a backlight
unit BL which 1lluminates the display panel PNL, a control
module CM, tlexible printed circuits FPC1, FPC2 and FPC3,
and the like.
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The display panel PNL includes a first substrate SUBI1 1n
a plate-like shape, a second substrate SUB2 1n a plate-like
shape which 1s opposed to the first substrate SUBI1, and a
liquid crystal layer (a liquid crystal layer LQ explained later)
held between the first substrate SUB1 and the second
substrate SUB2. The display panel PNL includes a display
area DA on which an image 1s displayed. In the example
illustrated, the display panel PNL is a transmissive display
panel having a transmissive display function of displaying
an 1mage by allowing light from the backlight unit BL to be
transmitted selectively. The display panel PNL may be a
reflective display panel having a reflective display function
of displaying an image by allowing external light and
auxiliary light incident from the second substrate SUB2 side
to be reflected selectively. In addition, the display panel PNL
may be a transtlective display panel having the transmissive
display function and the reflective display function.

The backlight unit BL 1s disposed on a back surface side
of the first substrate SUB1. Various types of units are
applicable as the backlight unit BL.. A light-emitting diode
(LED), a cold-cathode fluorescent tube (CCFL) or the like
can be applied as the light source. Explanations of details of
the structure of the backlight unit BL are omitted here. If the
display panel PNL 1s 1n a reflective type, the backlight unit
BL 1s excluded.

The sensor SE comprises detection electrodes Rx. The
detection electrodes Rx are disposed on, for example, the
display surface of the display panel PNL, 1.e., the outer
surface of the second substrate SUB2. The detectlon clec-
trodes Rx are illustrated schematically. In the example
illustrated, the detection electrodes Rx substantially extend
in a first direction X so as to be arranged in a second
direction Y. The detection electrodes Rx may extend 1n the
second direction Y so as to be arranged 1n the first direction
X or may be formed in an insular shape and arrayed 1n a
matrix in the first direction X and the second direction Y. The
first direction X and the second direction Y are orthogonal
to each other. The first direction X and the second direction
Y may intersect each other at an angle other than 90°. A third
direction Z 1s orthogonal to each of the first direction X and
the second direction Y.

The drniving IC chip IC1 1s mounted on the first substrate
SUBI1 of the display panel PNL. The flexible printed circuit
FPC1 connects the display panel PNL with the control
module CM. The flexible printed circuit FPC2 connects the
detection electrodes Rx of the sensor SE with the control
module CM. The dniving IC chip IC2 1s mounted on the
flexible printed circuit FPC2. The driving IC chip 1C2 may
be mounted on the first substrate SUB1 or the control
module CM. The flexible printed circuit FPC3 connects the
backlight unit BL. with the control module CM.

The drniving IC chips IC1 and IC2 are connected to each
other via the flexible printed circuit FPC2 or the like. For
example, 1T the flexible printed circuit FPC2 includes a
branch portion FPCB connected onto the first substrate
SUBI, the driving IC chips IC1 and IC2 may be connected
to each other via lines included 1n the branch portion FPCB
and lines on the first substrate SUB1. Alternatively, the
driving IC chips IC1 and IC2 may be connected to each
other via lines included in each of the flexible printed
circuits FPC1 and FPC2. Either of the dniving IC chips IC1
and 1C2 can generate a timing signal to notily a drniving
period of the sensor SE and supply the timing signal to the
other driving IC chip. Either of the driving IC chips IC1 and
IC2 can generate a timing signal to notify a driving period
of a common electrode CE which will be explained later, and
supply the timing signal to the other driving IC chip.
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Alternatively, the control module CM can supply the timing,

signal to the driving IC chips IC1 or IC2. The drnive of the
driving IC chip IC1 and the drive of the dniving IC chip 1C2
can be synchronized with each other by the timing signal.

FIG. 2 1s a view schematically showing a basic configu- 5
ration and an equivalent circuit, of the liquid crystal display
device DSP shown i FIG. 1.

Besides the display panel PNL and the like, the liquid
crystal display device DSP comprises a source line drive
circuit SD, a gate line drive circuit GD, a common electrode 10
drive circuit CD and the like, 1n a non-display area NDA
outside the display area DA. For example, at least several
parts of the source line drive circuit SD and the common
clectrode drive circuit CD are built 1n the driving IC chip
IC1. The non-display area NDA 1s 1n a frame shape sur- 15
rounding the display area DA.

The display panel PNL includes pixels PX 1n the display
area DA. The pixels PX are disposed in a matrix in the first
direction X and the second direction Y, and mxn pixels are
arrayed (where m and n are positive integers). The pixels 20
arranged 1n the first direction X form pixel rows while the
pixels arranged in the second direction Y form pixel col-
umns. The display panel PNL includes n gate lines G (G1 to
Gn), m source lines S (S1 to Sm), a common electrode CE
and the like 1n the display area DA. 25

The gate lines G extend 1n the first direction X to be drawn
to the outside of the display area DA and connected to the
gate line drive circuit GD. The gate lines G are arranged 1n
the second direction Y to be spaced apart from each other.
The source lines S extend 1n the second direction Y to be 30
drawn to the outside of the display area DA and connected
to the source line drive circuit SD. The source lines S are
arranged 1n the first direction X to be spaced apart from each
other, and intersect the gate lines G. The gate lines G and the
source lines S may not extend straightforward, but may be 35
bent 1n part. The common electrode CE 1s drawn to the
outside of the display areca DA to be connected to the
common electrode drive circuit CD. The common electrode
CE 1s shared by the pixels PX. Details of the common
clectrode CE will be explained later. 40

FIG. 3 1s an equivalent circuit diagram showing one of
pixels PX shown 1n FIG. 2.

Each pixel PX comprises a switching element PSW, a
pixel electrode PE, the common electrode CE, a hqud
crystal layer LC and the like. The switching element PSW 1s 45
composed of, for example, a thin-film transistor. The switch-
ing element PSW 1s electrically connected to the gate line G
and the source line S. The switching element PSW may be
a top-gate type switching element or a bottom-gate type
switching element. A semiconductor layer of the switching 50
clement PSW 1s formed of, for example, polysilicon but may
be formed of amorphous silicon, an oxide semiconductor or
the like. The pixel electrode PE 1s electrically connected to
the switching element PSW. The pixel electrode PE 1s
opposed to the common electrode CE. A storage capacitor 55
CS 1s formed, for example, between the common electrode
CE and the pixel electrode PE.

FIG. 4 1s a cross-sectional view schematically showing in
part a structure of the liquid crystal display device DSP.

In the present embodiment, the display panel PNL may be 60
coniigured to correspond to any one of a display mode using
a longitudinal electric field along a normal line of a main
surface of the substrate, a display mode using an oblique
clectric field angled with respect to the normal line of the
main surface of the substrate, or a display mode using a 65
lateral electric field along the main surface of the substrate.
Furthermore, the display panel PNL may be configured to

6

correspond to a display mode using an arbitrary combination
of the longitudinal, lateral, and tilted electric fields. The
main surface of the substrate indicates a surface parallel to

an X-Y plane defined by the first direction X and the second
direction Y which are orthogonal to each other. In the display
mode using the longitudinal electric field or the oblique

N

clectric field, for example, the pixel electrodes PE are
disposed on the first substrate SUB1 while the common
clectrode CE 1s disposed on the second substrate SUB2. In
the display mode using the lateral electric field, the pixel
clectrodes PE and the common electrode CE are disposed on
the first substrate SUBI.

In the example illustrated, the display panel PNL 1s
configured to correspond to the display mode using the
lateral electric field. On the display panel PNL, the first
substrate SUB1 1s opposed to the second substrate SUB2
with a predetermined gap formed between the substrates.

The liqud crystal layer LC 1s located at the gap between the

first substrate SUB1 and the second substrate SUB2.

The first substrate SUB1 1ncludes a first insulating sub-
strate 10 having a light transmitting property, such as a glass
substrate or a resin substrate. The first substrate SUBI
includes the gate lines, the switching elements, the source
lines S, the common electrode CE, the pixel electrodes PE,
a first insulating film 11, a second insulating film 12, a third
insulating film 13, a first alignment film AL 1 and the like, on
an upper side of the first insulating substrate 10, which 1s
opposed to the second substrate SUB2.

The first msulating film 11 1s disposed on the first insu-
lating substrate 10. The switching elements of, for example,
the top-gate structure are applied to the present embodiment
though not described 1n detail. In such an embodiment, the
first msulating film 11 includes nsulating layers stacked 1n
a third direction Z. For example, the first insulating film 11
includes various insulating layers such as an undercoat layer
interposed between the first insulating substrate 10 and the
semiconductor layers of the switching elements, a gate
insulating layer interposed between the semiconductor lay-
ers and the gate electrodes, and an interlayer insulating layer
interposed among electrodes including the gate electrodes,
source electrodes and drain electrodes. Gate lines are dis-
posed between the gate insulating layer and the interlayer
insulating layer, similarly to the gate electrodes. The source
lines S are located on the first msulating film 11. Source
clectrodes, drain electrodes and the like of the switching
clements are also located on the first insulating film 11.

The second 1nsulating film 12 1s disposed on the source
lines S and the first mnsulating film 11. The common elec-
trode CE 1s shaped in a strip and located on the second
insulating {ilm 12. The common electrode CE 1s formed of
a transparent conductive material such as indium tin oxide
(ITO) or indium zinc oxide (IZ0). In the example illustrated,
a metal layer ML 1s located on the common electrode CE to
reduce the resistance of the common electrode CE but may
not be disposed.

The third insulating film 13 1s disposed on the common
clectrode CE and the second insulating film 12. The pixel
clectrodes PE are located on the third insulating film 13.
Each pixel electrode PE 1s located between adjacent signal
lines S to be opposed to the common electrode CE. In
addition, each pixel electrode PE includes a slit SL at a
position opposed to the common electrode CE. The pixel
clectrodes PE are formed of, for example, a transparent
conductive material such as I'TO or IZO. The first alignment
film AL1 covers the pixel electrodes PE and the third

insulating film 13.
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The common electrode CE 1s thus located 1n a layer
different from the gate lines G and the source lines S, or the
pixel electrodes PE. For this reason, the common electrode
CE can be disposed 1n a positional relationship of intersect-
ing the gate lines G and the source lines S, or the pixel
clectrodes PE without touching each other, 1n the X-Y plane.
In other words, the common electrode CE can be disposed
across a plurality of the adjacent pixels PX. In the present
embodiment, the common electrode CE 1s shaped 1n a strip
having a width which can be opposed to plural pixel
columns and extends in the second direction Y.

The second substrate SUB2 includes a second insulating,
substrate 20 having a light transmitting property, such as a
glass substrate or a resin substrate. The second substrate

SUB2 includes a light-shielding layer BM, color filters CFR,

CFG and CFB, an overcoat layer OC, a second alignment
film AL2 and the like, on a lower side of the second
insulating substrate 20, which 1s opposed to the first sub-
strate SUBI.

The light-shielding layer BM 1s located on an inner
surface of the second insulating substrate 20 and partitions

the pixels. Each of the color filters CFR, CFG, and CFB 1s
located on the inner surface of the second insulating sub-
strate 20 and partially overlaid on the light-shielding layer
BM. The color filter CFR 1s a red color filter arranged 1n a
red pixel and 1s formed of a red resin material. The color
filter CFG 1s a green color filter arranged 1n a green pixel and
1s formed of a green resin material. The color filter CFB 1s
a blue color filter arranged 1n a blue pixel and 1s formed of
a blue resin material. In the example illustrated, the unit
pixel which 1s a minimum unit of the color 1mage 1s
composed of three color pixels, 1.e., the red pixel, the green
pixel, and the blue pixel. However, the unit pixel is not
limited to a pixel formed by a combination of the three color
pixels. For example, the unit pixel may be composed of four
color pixels, 1.e., the red pixel, the green pixel, the blue pixel
and a white pixel. In this case, a white or transparent color
filter may be arranged 1n the white pixel or the color filter of

the white pixel may not be disposed. The overcoat layer OC
covers the color filters CFR, CFG, and CFB. The overcoat

layer OC 1s formed of a transparent resin material. The
second alignment film AL2 covers the overcoat layer OC.

The detection electrodes Rx are located on the side of an
outer surface ES of the second insulating substrate 20. In the
example illustrated, the detection electrodes Rx are 1n con-
tact with the outer surface ES of the second insulating
substrate 20, but an nsulating member may be interposed
between the detection electrodes Rx and the outer surface
ES. Details of the structure of the detection electrodes Rx
will be explained later. The 1llustration 1s simplified, and
lead lines L and the like which will be explained later are not
illustrated. The detection electrodes Rx are formed of, for
example, a metal material such as aluminum, which will be
explained later. The time for detection can be reduced by
lowering the electric resistance value of the detection elec-
trodes RX. For this reason, use of metal detection electrodes
Rx 1s beneficial for achievement of a larger size and a higher
fineness of the display panel PNL. Alternatively, the detec-
tion electrodes Rx may be formed of a combination (assem-
bly) of a transparent conductive material (for example, a
strip-shaped conductive layer) such as ITO or IZ0, and a
metal material (for example, a fine metal wire). Each detec-
tion electrode Rx 1s opposed to the common electrode CE
via dielectric members such as the third insulating film 13,

the first alignment film AL1, the liquid crystal layer LC, the
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second alignment film AL2, the overcoat layer OC, the color
filters CFR, CFG and CFB, and the second insulating
substrate 20.

The first optical element OD1 1s disposed between the
first 1insulating substrate 10 and the backlight unit BL. The
second optical element OD?2 1s disposed above the detection
clectrode Rx. Each of the first optical element OD1 and the
second optical element OD2 includes at least a polarizer and
may include a retardation film as needed. The polarizer
included 1n the first optical element OD1 and the polarizer
included 1n the second optical element OD2 are disposed to
have a crossed-Nicol relationship in which absorption axes
of the polarizers intersect each other.

Next, the capacitive sensor SE built in the liquid crystal
display device DSP of the present embodiment will be
explained.

FIG. 5 1s a plan view schematically showing a configu-
ration of the sensor SE of the present embodiment. In the
present embodiment, the sensor SE comprises the common
clectrode CE of the first substrate SUB1 and the detection
electrode Rx of the second substrate SUB2. In other words,
the common electrode CE not only functions as an electrode
for display by generating an electric field between the
common electrode CE and the pixel electrodes PE but also
functions as a sensor driving electrode by generating capaci-
tance between the common electrode CE and the detection
clectrodes Rx.

The common electrode CE 1s disposed in the display area
DA. In the example illustrated, the common electrode CE
includes plural divisional electrodes C. The divisional elec-
trodes C are arranged 1n the first direction X to be spaced
apart from each other, in the display areca DA. Fach of the
divisional electrodes C 1s 1 a strip shape and extends
approximately straightforwardly in the second direction Y.

Each detection electrode Rx comprises a broadened por-
tion RSL and a body portion RR. The broadened portions
RSL are disposed 1n the non-display area NDA and arranged
in the second direction Y. The body portions RR are disposed
in the display area DA and arranged in the second direction
Y. Each of the body portions RR extends approximately
straightforwardly 1n the first direction X. In other words, the
body portion RR extends 1n the direction of intersecting the
plural divisional electrodes C. The body portion RR 1s
formed 1n a strip shape as i1llustrated 11 seen macroscopically
but, strictly, the body portion RR 1s composed of an assem-
bly of fine metal wires as explained later. In addition, the
broadened portion RSL 1s formed in a square shape as
illustrated 1f seen macroscopically but, strictly, the broad-
ened portion RSL 1s composed of an assembly of fine metal
wires as explained later or a strip-shaped metal film and the
like.

The broadened portions RSL arranged in the second
direction Y form surrounding portions SR which will be
described later in detail, 1n the non-display area NDA. In the
example 1illustrated, the broadened portions RSL are
arranged 1n the non-display area NDA extending along side
edges EA and EB of the display panel PNL. The side edges
EA and EB are parallel to the second direction Y. The pair
of surrounding portions SR 1s located in the non-display area
NDA extending along the side edges EA and EB so as to
sandwich the display area DA. A gap between the adjacent
broadened portions RSL 1s small and each of the broadened
portions RSL 1s configured to suppress leakage of the
clectric field which will be explaimned later, though the
illustration 1s simplified.

The common electrode CE and the detection electrodes
Rx are opposed to sandwich various dielectrics as explained
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above. In the X-Y plane, each of the divisional electrodes C
1s opposed to the pixel columns and the source lines S shown
in FIG. 2 and intersects the gate lines G. Fach of the
detection electrodes Rx 1s opposed to the pixel rows and the
gate lines G shown 1n FIG. 2 and intersects the source lines
S. The number, size and shape of the divisional electrodes C
are not particularly limited and can be variously changed.
The divisional electrodes C of the common electrode CE
may be arranged 1n the second direction Y to be spaced apart
from each other and extend approximately straightforwardly
in the first direction X as explained later. Furthermore, the
common electrode CE may not be divided but be a plate
clectrode extending continuously 1n the display area DA.

The display panel PNL includes lead lines L besides the
common e¢lectrode CE and the detection electrodes Rx. The
lead lines L are disposed 1n the non-display area NDA and
located 1n the same plane as the detection electrodes Rx, on
the second substrate SUB2. The lead lines L are electrically
connected to the detection electrodes Rx in a one-to-one
correspondence. Fach of the lead lines L allows a sensor
output value to be output from the detection electrode Rx.

In the example illustrated, the lead lines L are disposed on
both sides of the display area DA so as to sandwich the
display area DA. For example, the lead lines L. connected to
odd-numbered detection electrodes Rx, of the detection
clectrodes Rx arranged in the second direction Y, are dis-
posed in the non-display area NDA on the left side of the
drawing (1.e., the non-display area NDA extending along the
side edge EA), and the lead lines L connected to even-
numbered detection electrodes Rx are disposed in the non-
display area NDA on the right side of the drawing (i.e., the
non-display area NDA extending along the side edge EB).
The layout of the lead lines L corresponds to the uniform
width and the narrow frame of the non-display areca NDA. It
should be noted that the layout of the lead lines L 1s not
limited to the example 1llustrated. For example, the embodi-
ment can also employ the layout 1n which the lead lines L
connected to the detection electrodes Rx at upper part of the
display area DA are located on either of the end portions of
the non-display area NDA while the lead lines L connected
to the detection electrodes Rx at lower part of the display
area DA are located on the other end portion of the non-
display area NDA. The surrounding portions SR are located
between the lead lines L and the common electrode CE on
the left side of the drawing and between the lead lines L and
the common electrode CE on the right side of the drawing,
in planar view.

Each of the divisional electrodes C 1s electrically con-
nected to the common electrode drive circuit CD. For
example, at least several parts of the common electrode
drive circuit CD are built in the dniving IC chip IC1, but are
not limited to this example. The common electrode drive
circuit CD may be disposed, for example, outside the driving
IC chip IC1. The common electrode drive circuit CD func-
tions as a dniving module configured to supply a common
drive signal to the common electrode CE at the display drive
or displaying an 1image and to supply a sensor drive signal
to the common electrodes CE at the sensing drnive for
sensing.

The flexible printed circuit FPC2 i1s connected to the
second substrate SUB2 and also electrically connected to
cach of the lead lines L, 1n the non-display area NDA on the
lower side (1.e., the side close to the driving 1C chip IC1) of
the drawing. A detection circuit RC 1s built in, for example,
the driving IC chip IC2. The detection circuit RC functions
as a driving module configured to allow the sensor drive
signal from the common electrode CE to be detected as
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detection signals by the detection electrodes Rx and to read
variation of the detection signals via the lead lines L as a
sensor output signal. The detection circuit RC having such
a Tunction detects contact or approach of a detected object to
the liquid crystal display device DSP, based on the sensor
output values from the detection electrodes Rx. Further-
more, the detection circuit RC can also detect position
information of the portion which the detected object has
contacted or approached. The detection circuit RC may be
disposed 1n the control module CM.

If the layout of the lead lines L 1llustrated 1s noticed, the
detection electrodes Rx located on the lower side of the
drawing are connected to the lead lines L located on the
iner side (1.e., the side close to the display area DA) 1n the
non-display area NDA. In addition, the detection electrodes
Rx located on the upper side of the drawing are connected
to the lead lines L located on the outer side (1.e., the side
remote Ifrom the display area DA) in the non-display area
NDA. The lead lines L located on the outer side are longer
than the lead lines L. located on the inner side, in the
non-display areca NDA. For this reason, the electric resis-
tance of the lead lines L having a greater length needs to be
reduced. For example, the lead lines L. having a greater
length 1nclude wider portions as compared with the lead
lines L having a smaller length. In the non-display area NDA
on the lower side of the drawing, each lead line L has a
comparatively small width due to a large number of lead
lines L, though not explained in detail. In the non-display
areca NDA on the upper side of the drawing, each lead line
L. has a comparatively great width since the number of lead
lines L 1s small. For example, the lead lines L located on the
outermost side in the non-display area NDA have a gradu-
ally 1increased width, from the lower side to the upper side
in the drawing.

FIG. 6 1s a plan view enlarging and schematically show-
ing a part of the sensor SE shown in FIG. 5. A peripheral
light-shielding layer LS extends across a substantially entire
area of the non-display area NDA. The divisional electrodes
C of the common electrode CE correspond to sensor driving
clectrodes and are arranged in the first direction X, in the
display area DA. Each of the divisional electrodes C has a
first electrode width W1 1n the first direction X. Desirably,
however, the first electrode width W1 1s an integer multiple
of a pixel pitch Pu in the first direction X of the pixel PX.
The pixel pitch Pu 1s a pitch in the first direction X in the
center of adjacent source lines S shown in FIG. 4.

A boundary B between the display areca DA and the
non-display area NDA corresponds to a position of an edge
of the peripheral light-shielding layer LS on the display area
side. A side edge of the divisional electrode C closest to the
non-display area NDA, of the common electrode CE, 1s
disposed at a position overlaid on the boundary B, in the
example illustrated. However, displacement 1n bonding of
the first substrate SUB1 and the second substrate SUB2
often occurs 1n the structure 1n which the common electrode
CE 1s disposed on the first substrate SUB1 while the
peripheral light-shielding layer LS 1s disposed on the second
substrate SUB2 similarly to the light-shielding layer BM as
explained above. For this reason, the side edge of the
divisional electrode C 1s not necessarily overlaid on the
boundary B, and may be displaced to the display area side
or the non-display area side rather than the boundary B, by
a distance corresponding to the displacement in bonding of
the substrates.

The lead lines L are disposed in the non-display area
NDA. In other words, the lead lines L are disposed at
positions overlaid on the peripheral light-shielding layer LS.
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The lead lines L substantially extend 1n the second direction
Y and are arranged 1n the first direction X at approximately
regular intervals, in the non-display area NDA. In the
example illustrated, the lead lines L have a greater width as
the lead lines L are positioned farther away from the display
area DA, as explained above.

Each detection electrode Rx comprises a broadened por-
tion RSL and a body portion RR connected to each other.

The broadened portion RSL 1s electrically connected to
the lead lines L. In addition, the broadened portion RSL 1s
not overlaid on the display area DA and 1s disposed 1n the
non-display area NDA, in planar view. The broadened
portion RSL 1s disposed at a position overlaid on the
peripheral light-shielding layer LS and 1s not overlaid on the
divisional electrode C located at the outermost side edge 1n
the display area DA. In the example illustrated, the side edge
of the broadened portion RSL on the display area side 1s
located 1n the boundary B. In other words, the broadened
portion RSL 1s located between the boundary B (or the side
edge of the divisional electrode C closest to the non-display
area NDA) and the lead lines L, 1n the X-Y plane shown 1n
FIG. 6. The broadened portion RSL 1s located in a longitu-
dinally elongated area extending in the second direction Y,
and has a first width WR1 in the second direction Y.

The body portion RR 1s formed 1n a strip shape so as to
have an end portion linked to the broadened portion RSL,
and 1s disposed 1n the display area DA. The body portion RR
1s opposed to the common electrode CE, 1n the display area
DA. The body portion RR 1s located 1n a laterally elongated
area extending 1n the first direction X. In addition, the body
portion RR has a second width WR2 1n the second direction
Y. The second width WR2 1s less than the first width WR1.
In other words, the broadened portion RSL 1s wider than the
body portion RR.

In the example 1llustrated, the broadened portion RSL 1s
connected to two body portions RR arranged in the second
direction Y. In addition, the broadened portion RSL 1is
arranged with the main portion RR 1n the first direction X
and located across an area protruding to both sides of the
body portion RR 1n the second direction Y.

As the detection electrode Rx illustrated are noticed, one
side of the detection electrode Rx 1s substantially shaped 1n
a II letter (see FIG. 6). The detection electrodes Rx on the
opposite side of the display area DA (not shown) are formed
in a similar shape, and one of the detection electrodes Rx 1s
substantially shaped 1n an II letter (see FIG. 5).

In the present embodiment, each of the detection elec-
trodes Rx 1s composed of a connection portion CP and
detection lines LB. The connection portion CP and the
detection lines LB are metallic. The connection portion CP
1s connected to the broadened portion RSL and the lead lines
L. The detection lines LB are disposed to extend from the
non-display area NDA to the edge of the display area DA.
The detection lines LB are connected from an end side to the
other end side of the connection portion CP in the non-
display area NDA, and substantially extends in the first
direction X. In the example illustrated, each of the detection
lines LB 1s shaped 1n a waveform (more specifically, a
triangular waveform) in the first direction X. Each linear
segment forming the wavelorm extends in a direction dif-
terent from the first direction X and the second direction Y.
The detection lines LB are arranged at substantially regular
intervals 1n the second direction Y along the boundary B.
The detection lines LB of the detection electrodes Rx
adjacent 1n the second direction Y are also arranged at
substantially regular intervals in the second direction Y
along the boundary B. The detection lines LB includes first
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detection lines LB1 disposed on the broadened portion RSL
alone, and second detection lines LB2 which are much
longer than the first detection lines LB1 so as to be formed
across the both of broadened portions RSL and the body
portion RR. As shown in FIG. 6, two first detection lines
[LB1, four second detection lines LB2, four first detection
lines LB1, four second detection lines LLB2, and two first
detection lines LB1, which are arranged in order from the
upper side to the lower side 1n the drawing, are connected to
the connection portion CP.

In other words, the broadened portion RSL 1s composed
of an assembly of proximal end portions of the second
detection lines LB2, and the first detection lines LB1 dis-
posed on both sides of the proximal end portions with the
same length as the proximal end portions. The body portion

RR 1s composed of an assembly of the second detection lines
[LB2 be formed from the one broadened portion RSL to the
other broadened portion RSL. In other words, the number of
detection lines LB (1.e., the total number of first detection
lines LB1 and second detection lines LB2, for example,
sixteen) on the broadened portion RSL 1s more than the
number of detection lines LB (i.e., the total number of
second detection lines LB2, for example, four) on each body
portion RR.

The first width WR1 of the broadened portion RSL and
the second width WR2 of the body portion RR correspond
to distances 1n the second direction Y between the detection
lines LB which are connected to the end side and the other
end side of the connection portion CP, respectively. In the
example illustrated, the first width WR1 1s a first distance 1n
the second direction Y of the first detection line 1a (1.e., a top
portion protruding to the upper side of the drawing, of the
first detection line 1a) connected to one of the end sides of
the connection portion CP, and the first detection line 15
(1.e., a top portion protruding to the lower side of the
drawing, of the first detection line 15) connected to the other
end side of the connection portion CP. The second width
WR2 15 a second distance 1n the second direction Y of the
second detection line 2a (1.€., a top portion protruding to the
upper side of the drawing, of the second detection line 2a)
connected to one of the end sides of the connection portion
CP, and the second detection line 26 (1.e., a top portion
protruding to the lower side of the drawing, of the second
detection line 26) connected to the other end side of the
connection portion CP.

A dummy electrode DR 1s disposed between the adjacent
body portions RR, 1n the display area DA. The dummy
clectrodes DR 1s disposed parallel to the detection lines LB,
at approximately regular intervals from the detection lines
LB. The dummy electrode DR 1s not connected to the lines
such as the lead lines L. or detection lines LB, and 1s in the
clectrically floating state. In the example illustrated, the
dummy electrode DR 1s disposed between the adjacent body
portions RR but 1s not disposed between the adjacent
broadened portions RSL.

The detection electrodes Rx are arranged in the second
direction Y. The broadened portions RSL of the detection
clectrodes Rx arranged 1n the second direction Y are elec-
trically insulated from each other and disposed to be adja-
cent to each other. In other words, 1n each detection elec-
trode Rx, the detection lines LB of the broadened portion
RSL are arranged 1n the second direction Y at substantially
regular intervals. In the broadened portions RSL of the
adjacent detection electrodes Rx, also, the detection lines LB
are arranged in the second direction Y at substantially
regular intervals, without the dummy electrode DR inter-
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posed between the one broadened portion and the other
broadened portion adjacent to.

The detection lines LB of the broadened portion RSL are
formed nonlinearly. The detection lines LB of the adjacent
broadened portions RSL are formed in the same shape. In the >
example illustrated, each of the adjacent detection lines LB
1s formed 1n a wavelorm shape. For this reason, a linear gap
crossing the broadened portion 1s not formed between the
adjacent broadened portions RSL. In other words, the broad-
ened portions RSL of the adjacent detection electrodes Rx
are disposed such that either of the broadened portions RSL
1s engaged with the other broadened portion RSL 1n planar
view. In the example 1llustrated, an area between the adja-
cent broadened portions RSL 1s bended by the detection
lines LB of the same waveform shape, and leakage of the
clectric field from the area between the broadened portions
can be suppressed.

The broadened portions RSL are arranged on the same
straight line 1n the second direction Y so as to form the 3¢
surrounding portion SR. In other words, in the adjacent
detection electrodes Rx, the gap opposed to the common
clectrode CE 1s formed between the body portions RR while,
in the non-display areca NDA, the gap between the body
portions RR 1s surrounded by the broadened portions RSL 25
arranged 1n the same straight line, along the boundary B. The
broadened portions RSL forming the surrounding portion
SR are physically separated from each other, but disposed to
be engaged with each other as explained above. For this
reason, the surrounding portion SR can implement an elec- 30
tric field shielding along the boundary B 1n the non-display
area NDA extending without a gap. More specifically, the
end portion of one of the adjacent broadened portions RSL
includes bent portions by forming the first detection lines
L.LB1 1 a wavelorm shape. Since the broadened portions 35
RSL are disposed to have the end portions engaged with
cach other and the surrounding portion SR 1s formed, a gap
between the broadened portions adjacent to 1s also bended,
not extending 1n a straight line from the display area DA to
the non-display area NDA. Thus, an electric line of force 40
does not reach the non-display area NDA from the display
areca DA, but 1s captured by (the end portion of) any one of
the broadened portions RSL, and an electric field 1s formed
between the broadened portion RSL and the common elec-
trode CE. 45

The surrounding portion SR is interposed between the
common electrode CE of the display area DA and the lead
lines L of the non-display area NDA, in planar view. The
surrounding portion SR thereby functions as what 1s called
a barrier between the common electrode CE and the lead 50
lines L, which suppresses formation of the electric field
between the common electrode CE and the lead lines L and
suppresses formation of the capacitance between the com-
mon electrode CE and the lead lines L. In other words,
clectrostatic capacitance 1s formed between the common 55
clectrode CE and the broadened portion RSL, through the
gap between the body portions RR and, consequently, for-
mation of electrostatic capacitance between the common
clectrode CE and the lead lines L through the gap can be
suppressed. Since formation of the capacitance between the 60
common electrode CE 1n the gap of the detection electrode
Rx and lead lines L connected to a detection electrode
different from the detection electrode Rx can be particularly
suppressed, error detection of the sensor SE can be sup-
pressed. 65

In addition, electrostatic capacitance 1s formed between
the common electrode CE and the broadened portions RSL
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in the non-display area NDA extending along the boundary
B, and the object can be certainly detected 1n this area, too.

The shape of the broadened portions RSL of the detection
electrode Rx 1s not limited to the linear waveform, but can
also be a circular wavetorm of a sine wave or the like. In
other words, any shape can be applied i1 the recess portions
and protruding portions on the end portions of the adjacent
broadened portions RSL are engaged with each other and a
boundary between the end portions 1s not formed 1n a
straight line.

FIG. 7 1s a cross-sectional view schematically showing a
structure of a display panel PNL including a part of the
sensor SE shown in FIG. 6. Main portions alone necessary
for explanations are illustrated.

A sealing member SM 1s disposed between the first
substrate SUB1 and the second substrate SUB2 to surround
an area which 1s to be the non-display area NDA 1n planar
view, and the liqud crystal layer LC 1s thereby sealed
between the first substrate SUB1 and the second substrate
SUB2. The common electrode CE and the pixel electrodes
PE are located on an inner surface side of the first substrate
SUB1 which 1s opposed to the second substrate SUB2. In
other words, the common electrode CFE 1s located on the
second 1nsulating film 12 and covered with the third insu-
lating film 13. The pixel electrodes PE are located on the
third nsulating film 13 and are opposed to the common
clectrode CE. The number of the pixel electrodes PE located
just above the common electrode C 1s not limited to this.
Various lines such as the source lines and the first alignment
film are not 1llustrated.

The light-shielding layer BM, the color filters CFR, CFG
and CFB, the overcoat layer OC, and a peripheral light-
shielding layer LS are located on an inner surface side of the
second substrate SUB2 which 1s opposed to the first sub-
strate SUB1. In other words, the color filters CFR, CFG and
CFB are opposed to the pixel electrodes PE, 1n the display
area DA. The light-shielding layer BM 1is located at each of
boundaries of the color filters CFR, CFG and CFB. The
peripheral light-shielding layer LS 1s located on the inner
surface of the second insulating substrate 20, 1n the non-
display area NDA. The peripheral light-shielding layer LS
can be formed of the same material as the light-shielding
layer BM. The overcoat layer OC extends across the display
area DA and the non-display area NDA. It should be noted
that the second alignment film 1s not illustrated.

The detection electrode Rx and the lead lines L are located
on the outer surface side of the second substrate SUB2
which 1s opposite to the side opposed to the first substrate
SUBI1. The detection electrode Rx and the lead lines L can
be formed of the same material, for example, a metallic
material such as aluminum (Al), titanium ('11), silver (Ag),
molybdenum (Mo), tungsten (W), copper (Cu) or chromium
(Cr) or an alloy formed of a combination of the metallic
materials. Each of the detection electrode Rx and the lead
lines L may be a single-layer body of the metallic material
or a laminate formed by stacking layers of the metallic
materials. Furthermore, each of the detection electrode Rx
and the lead lines L. may be composed of a combination of
a single-layer body or a laminate of the metallic material
with a transparent conductive layer of I'TO or the like. The
body portion RR of the detection electrodes Rx 1s located
above the common electrode CE and the pixel electrodes PE.
In the example 1llustrated, none of the common electrode CE
and the pixel electrode PE is disposed under the broadened
portion RSL. In other words, the body portion RR 1s opposed
to the common electrode CE while the broadened portion
RSL 1s connected to the body portion RR without being
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opposed to the common electrode CE. The sealing member
SM 1s disposed under the lead lines L. The detection
clectrode Rx located 1n the display area DA 1s formed of the
nontransparent metallic material but does not remarkably
reduce the transmittance of each pixel since the detection
clectrode Rx 1s formed of, for example, the detection lines
LB formed of fine wires having a width of approximately 3
to 5 um. In addition, since each of the detection lines LB 1s
formed of a fine wire extending 1n a direction different from
the directions of alignment of the pixels (i.e., the first
direction X and the second direction Y) as shown 1n FIG. 6,
moire of the pixel layout 1s suppressed and the deterioration
in display quality can be suppressed.

A protective film PT 1s further disposed on the outer
surface side of the second substrate SUB2. The protective
film PT covers the detection electrode Rx and the lead lines
L.. The protective film PT 1s formed of, for example, a
transparent resin material or a transparent organic material.

Next, operations of display drive of displaying an image
at the liquid crystal display device DSP having the above-
explained configuration will be explained.

First, an off state in which no fringing field 1s formed at
the liquid crystal layer LC will be explained. The off state
corresponds to a state 1n which a potential difference 1s not
tformed between the pixel electrodes PE and the common
clectrodes CE. In the off state, liquid crystal molecules
contained 1n the liquid crystal layer LC are subjected to
initial alignment 1n the single orientation 1n the X-Y plane by
the alignment restriction force between the first alignment
film AL1 and the second alignment film AL2. Part of the
backlight from the backlight unit BL 1s transmaitted through
the polarizer of the first optical element OD1 and 1s made
incident on the display panel PNL. The light incident on the
display panel PNL 1s linearly polarized light which 1is
orthogonal to an absorption axis of the polanizer. The
polarized state of the linearly polarized light hardly changes
when the linearly polarized light passes though the display
panel PNL in the off state. For this reason, most of the
linearly polarized light which has passed through the display
panel PNL 1s absorbed by the polarizer of the second optical
clement OD2 (black display). In other words, the light from
the backlight unit BL does not contribute to the display, and
a black screen 1s displayed in the display area DA. A mode
of dlsplaymg the black screen on the display panel PNL in
the off state 1s called a normally black mode.

Next, the on state in which the fringe field 1s formed 1n the
liquad crystal layer LC will be explained. The on state
corresponds to a state in which a potential difference 1is
tformed between the pixel electrodes PE and the common
clectrodes CE. In the on state, the common drive signal 1s
supplied from the common electrode drive circuit CD to the
common electrodes CE. In contrast, a video signal to form
the potential difference relative to the common potential 1s
supplied to the pixel electrodes PE. The fringing field 1s
thereby formed between the pixel electrodes PE and the
common ¢lectrodes CE.

In the on state, the liquid crystal molecules are aligned in
the orientation different from the initial alignment orienta-
tion within the X-Y plane due to influence of the fringing
field formed 1n the liqud crystal layer. The linearly polarnized
light orthogonal to the absorption axis of the polarizer of the
first optical element OD1 1s incident on the display panel
PNL and the polarized state 1s varied in response to the
alignment of the liquid crystal molecules when passing
through the liquid crystal layer LC. For this reason, at least
part of the light which has passed through the liquid crystal
layer LC transmits the polarizer of the second optical
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clement OD2, 1n the on state (white display). In the above-
explained display modes, vicinity to the edges of the pixel
clectrodes PE mainly contributes to the display since the
fringing field 1s formed along the edges of the pixel elec-
trodes PE.

Next, a sensing drive operation of detecting the contact or
approach of an object 1n the liqud crystal display device
DSP will be explained.

A sensor drive signal 1s supplied from the common
electrode drive circuit CD to the common electrodes CE.
The sensing 1s performed in this state. A principle 1n an
example of a sensing method will be explained with refer-
ence to FIG. 8.

Capacitance Cc exists between the divisional electrodes C
and the detection electrodes Rx. A pulse-like write signal
(sensor drive signal) Vw 1s supplied to the divisional elec-
trodes C, sequentially, 1n a predetermined cycle. In this
example, the user’s finger which 1s the detected object 1s
assumed to be present closely to a position where a specific
detection electrode Rx and a specific divisional electrode C
intersect. A capacitance Cx 1s generated by the detected
object close to the detection electrode Rx. When the pulse-
like write signal Vw 1s supplied to the divisional electrodes
C, a pulse-like read signal (sensor output value) Vr lower 1n
level than pulses obtained from the other detection elec-
trodes 1s obtained from the specific detection electrode Rx.

The detection circuit RC shown 1 FIG. 5 can detect
two-dimensional position information i1n the X-Y plane of
the sensor SE, based on the timing of supplying the write
signal Vw to the divisional electrodes C and on the read
signals Vr from the respective detection electrodes Rx. In
addition, the capacitance Cx obtained when the detected
object 1s close to the detection electrode Rx 1s different from
that obtained when the detected object 1s remote from the
detection electrode Rx. For this reason, the level of the read
signal Vr obtained when the detected object 1s close to the
detection Rx 1s different from that obtained when the
detected object 1s remote from the detection electrode Rx.
Therefore, the detection circuit RC can also detect the
proximity of the detected object to the sensor SE (1.e., a
distance 1n a third direction Z from the sensor SE), based on
the level of the read signal Vr.

According to the present embodiment, each of the detec-
tion electrodes Rx of the sensor SE comprises the body
portion RR opposed to the common electrode CE and the
broadened portion RSL wider than the body portion RR. The
gap opposed to the common electrode CE 1s formed between
the adjacent body portions RR, at the detection electrodes
Rx disposed to be adjacent, while, 1n the non-display area
NDA, the broadened portions RSL are arranged to be
adjacent along the boundary B. For this reason, electrostatic
capacitance 1s formed between the common electrode CE
and the broadened portions RSL, through the gaps between
the body portions RR and, consequently, formation of elec-
trostatic capacitance between the common electrode CE and
the lead lines L through the gaps can be suppressed. In
addition, undesired formation of the capacitance between
the common electrode CE and the lead lines L can be
suppressed even 1n the configuration 1n which the common
clectrode CE and the lead lines L are arranged to be close 1n
response to the request for narrower frame. Therefore, in the

sensing driving, the capacitive coupling between the com-
mon electrode CE and the lead lines L (particularly, lead

lines L connected to detection electrodes Rx different from
the detection electrodes Rx which are to be read) can be
suppressed and the error detection of the sensor SE can be
suppressed.
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In addition, the broadened portions RSL are not overlaid
on the display area DA but disposed 1n the non-display area
NDA, 1n planar view, in the present embodiment. In other
words, the broadened portions RSL are not overlaid or
hardly overlaid on the common electrode CE located in the
display area DA, 1n planar view. For this reason, substan-

tially constant capacitance Cc can be obtained between the
common electrode CE and the detection electrodes Rx, over
the entire display area DA.

In addition, since the detection electrodes Rx and the lead
lines L are located on the outer surface side of the second
insulating substrate 20, the detection electrodes Rx and the
lead lines L can be formed of the same material, in the same
process. Furthermore, since the detection electrodes Rx and
the lead lines L are formed of a metal having a very lower
clectric resistance than the transparent conductive material,
the line width can be reduced and the wire can be drawn in
a long distance while maintaining the small line width.

Moreover, since the width of the detection lines LB 1s
small, the transmittance of each pixel in the display area DA
1s not remarkably deteriorated. Since each of the detection
lines LB extends in a direction different from the directions
of alignment of the pixels (i.e., the first direction X and the
second direction Y), moire of the pixel layout 1s suppressed
and the deterioration in display quality 1s also suppressed. In
addition, since the width of the lead lines L 1s small,
undesired formation of the capacitance between the lead
lines L and the detected object which has contacted or
approached the non-display area NDA can be suppressed,
and noise can be reduced.

Next, a modified example of the capacitive sensor SE
built 1n the liquid crystal display device DSP of the present
embodiment will be explained. A modified example of the
shape of the broadened portion RSL will be particularly
explained. As explained above, the broadened portion RSL
1s located i1n the non-display area NDA overlaid on the
peripheral light-shielding layer LS and 1s not located in the
display area DA. For this reason, since the shape of the
broadened portion RSL does not influence the display in the
display area DA, the shape has high degree of freedom.

FIG. 9 1s another plan view enlarging and schematically
showing a part of the sensor SE shown i FIG. 5. The
example shown 1 FIG. 9 1s different from the example
shown 1n FIG. 6 with respect to a feature that the broadened
portion RSL of the detection electrode Rx includes metal
fine wires shaped 1in mesh. In a modified example hereinafter
explained, the same constituent elements as those 1n the
example shown 1 FIG. 6 are denoted by like reference
numerals and their detailed description 1s omitted. The body
portions RR may be formed of second detection lines LB2
shaped in waveform, similarly to the example shown 1n FIG.
6, or may be 1n the other shape such as mesh.

The metal fine wires forming the broadened portion RSL
include segments MM1 and MM2 extending in different
directions. The segments MM1 and MM2 intersect each
other to form the mesh shape. Fach of the segments MM1
and MM2 extends in, for example, a direction different from
the first direction X and the second direction Y. The shape of
the metal fine wires 1s not limited to the example illustrated
if 1t 1s the mesh shape.

The broadened portion RSL thus configured includes the
segments of higher density as compared with the detection
lines LB of the broadened portion RSL shown 1n FIG. 6. For
this reason, the electric field shielding eflect of the broad-
ened portion RSL can be improved and the formation of
capacitance between the common electrode CE and the lead
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lines L through the gap between the body portions RR can
be fturther suppressed, as compared with the example shown
in FIG. 6.

FIG. 10 1s yet another plan view enlarging and schemati-
cally showing a part of the sensor SE shown 1in FIG. 5. The
example shown 1 FIG. 10 1s different from the example
shown 1n FIG. 6 with respect to a feature that the broadened

portions RSL of the detection electrode Rx include a strip-
shaped metal film RM.

The metal film RM 1n the broadened portions RSL has a
strip shape extending in the second direction Y in the
example 1illustrated, but the shape 1s not limited to the
example illustrated. The broadened portions RSL adjacent in
the second direction Y include non-linear end portions
which appear to engage with each other. In the example
illustrated, each of the broadened portions RSL includes
wavelorm end portions. In other words, a linear gap extend-
ing 1 the first direction X 1s not formed between the
adjacent broadened portions RSL. The metal {film RM can be
formed of the same metal material as the lead lines L or the
body portions RR. The metal film RM 1s remote from the
boundary B between the display areca DA and the non-
display areca NDA and does not extend to the display area
DA. For example, an interval W2 1n the first direction X
between the boundary B and the metal film RM 1s set 1n the
following manner.

The interval W2 1s set to more than or equal to the length
ol one side of the unit pixel explained with reference to FIG.
4. For example, the unit pixel 1s a square and the length of
a side of the square 1s 60 um while the interval W2 1s 75 um.

As another example, the interval W2 1s set to more than
or equal to a half of the thickness of the second insulating
substrate 20. For example, the thickness of the second
insulating substrate 20 1s 150 um while the imnterval W2 1s 75
L.

In such a configuration, the electric field shielding effect
of the broadened portions RSL can be turther improved and
the formation of capacitance between the common electrode
CE and the lead lines L through the gap between the body
portions RR can be further suppressed, as compared with the
example shown 1n FIG. 9.

In addition, since the strip-shaped metal film RM 1s
remote from the boundary B to the non-display area NDA
side, the 1image displayed 1n the display area DA can hardly
be overlaid visually on the metal film RM and the deterio-
ration 1n display quality can be suppressed even 1t the liquad
crystal display device DSP 1s observed in an oblique direc-
tion angled with respect to the normal line.

Next, a modified example of the capacitive sensor SE
built 1in the liquid crystal display device DSP of the present
embodiment will be explained. A modified example of the
shape of the gap between the broadened portions RSL and
the lead lines L will be particularly explained. As explained
with reference to FIG. 5, the detection electrodes RX remote
from the position of connection with the flexible printed
circuit FPC2 are connected with the lead lines L 1n the
non-display area NDA which are remote from the display
areca DA. Alternatively, the lead lines L. may be disposed at
positions remote from the display area DA, to suppress the
formation of capacitance between the lead lines L and the
common e¢lectrode CE. In these cases, a gap 1s formed
between the detection electrodes Rx and the lead lines L. An
clectric field traveling from the common electrode CE to the
lead lines L easily leaks in the gap. A modified example
hereinafter explained 1s suitable to the layout 1n which the
detection electrodes Rx and the lead lines L are located at
remote positions.
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FIG. 11 1s yet another plan view enlarging and schemati-
cally showing a part of the sensor SE shown 1n FIG. 5. The
example shown i1n FIG. 11 1s different from the example
shown 1 FIG. 6 with respect to a feature that dummy
clectrodes DP 1n an mnsular shape are disposed between the
broadened portions RSL and the lead lines L. The shapes of
the body portions RR and the broadened portions RSL are
not limited to those of the example 1llustrated.

In the drawing, lead lines L1 to L3 are arranged in order
in a direction of being remote from the boundary B. A
broadened portion RSLL1 of a detection electrode Rx1 1s
connected to the lead line L1 while a broadened portion
RSL2 of a detection electrode Rx2 1s connected to the lead
line L2. The dummy electrodes DP are disposed between the
broadened portions RSL1 and RSL2, and between the lead
lines L1 to L3. The dummy electrodes DP are shaped 1n, for
example, a rectangle extending 1n the second direction Y but
the shape 1s not limited to the example illustrated. The
dummy electrodes DP can be formed of the same metal
material as the lead lines L1 to L3 and the detection
clectrodes Rx1 and Rx2.

In the example illustrated, three dummy electrodes DP are
arranged 1n the first direction X, between the broadened
portion RSL1 and the lead line L1. Five dummy electrodes
DP are arranged 1n the first direction X, between the broad-
ened portion RSLL1 and the lead line L2. Seven dummy
clectrodes DP are arranged 1n the first direction X, between
the broadened portion RSL2 and the lead line L3.

The dummy electrodes DP can block the leakage field
from gaps between the detection electrodes Rx1 and Rx2,
and the lead lines L1 to L.3. For this reason, the same
advantage as that explained above can be obtained, the
clectric field to the other adjacent lead lines (i.e., the lead
lines located on the side remote from the boundary B) can
also be blocked and the sensor error detection can be
suppressed, 1n the layout 1n which the detection electrodes
and the lead lines are disposed at remote positions.

FIG. 12 1s yet another plan view enlarging and schemati-
cally showing a part of the sensor SE shown 1n FIG. 5. The
example shown i FIG. 12 1s different from the example
shown 1 FIG. 6 with respect to a feature of comprising
planar block electrodes BP which make connection between
the broadened portions RSL and the lead lines L.

In the drawing, a block electrode BP1 makes connection
between the lead line L1 and the broadened portion RSL1.
The block electrode BP2 makes connection between the lead
line 1.2 and the broadened portion RSL2. The block elec-
trodes BP1 and BP2 are formed 1n a plate-like shape to fill
the gaps between the broadened portions RSLL1 and RSL.2
and the lead lines L1 to L3, but the adjacent block electrodes
are remote from each other with a small gap interposed, and
adjacent lead lines are remote from each other with a small
gap iterposed. The block electrodes BP1 and BP2 can be
formed of the same metal material as the lead lines L1 to L3
and the detection electrodes Rx1 and Rx2.

The block electrodes BP1 and BP2 can further improve
the field shielding effect as compared with the dummy
clectrodes DP shown in FIG. 11.

FIG. 13 1s a plan view schematically showing another
configuration of the sensor SE of the embodiment. The
example shown 1n FIG. 13 differs from the example shown
in FIG. 5 with respect to a feature that each of the divisional
clectrodes C of the common electrode CE extends 1n the first
direction X while the detection electrodes Rx substantially
extend 1n the second direction Y.

In other words, the common electrode CE comprises the
divisional electrodes C which are arranged in the second
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direction Y to be spaced apart from each other and which
extend approximately straightforward in the first direction
X, 1 the display area DA. The detection electrodes Rx are
arranged 1n the first direction X to be spaced apart from each
other and extend approximately straightforward 1n the sec-
ond direction Y, in the display areca DA. The common
clectrode CE and the detection electrodes Rx are opposed so
as to sandwich various dielectrics as explained above. Each
of the divisional electrodes C 1s electrically connected to the
common electrode drive circuit CD. The lead lines L are
disposed 1n the non-display areca NDA to be electrically
connected with the detection electrodes Rx 1n a one-to-one
correspondence. The lead lines L are disposed on the second
substrate SUB2, similarly to, for example, the detection
clectrodes Rx. Each of the lead lines L 1s electrically
connected to the detection electrode RC wvia the flexible
printed circuit FPC2. In the example 1illustrated, the lead
lines L are disposed 1n the non-display areca NDA along a
side edge EC of the second substrate SUB2 on which the
flexible printed circuit FPC2 1s mounted.

Each detection electrode Rx comprises a body portion RR
located 1n the display area DA, and the broadened portion
RSL connected to the body portion RR and located in the
non-display area NDA alone, similarly to the example
shown 1n FIG. 5, though not described here. In the example
illustrated, the broadened portions RSL are arranged in the
non-display area NDA extending along side edge EC. The
broadened portions RSL of the respective detection elec-
trodes Rx are arranged in the first direction X so as to form
the surrounding portion SR between the common electrode
CE and the lead lines L. As explained above, the adjacent
broadened portions RSL are configured to suppress leakage
of the electric field though 1llustrated simply. In other words,
any one of the configurations explained with reference to
FIG. 6, FIG. 9 and FIG. 10 can be applied to the detection
clectrodes Rx, and any one of the configurations explained
with reference to FIG. 11 and FIG. 12 can be applied to the
gap between the detection electrodes Rx and the lead lines
L.

In this modified example, too, the same advantages as
those of the above-explained examples can be obtained. In
addition, the length of the lead lines L. making connection
between the detection electrodes Rx and the flexible printed
circuit FPC2 can be reduced, and the noise of the lead lines
L. can be further reduced, as compared with the example
shown 1 FIG. § or the like.

The sensor-equipped display device in which the common
clectrode CE built in the display panel PNL functions as the
sensor driving electrode, and the detection electrodes Rx
opposed to the sensor driving electrode and the lead lines L
clectrically connected to the detection electrodes Rx are
disposed, has been explained 1in the embodiment, but the
embodiment can also be applied to the sensor devices which
can be combined by being applied on the display panel
including no sensor elements such as the sensor driving
clectrode and the detection electrodes. More specifically, the
sensor device comprises a sensor panel including a sensor
driving electrode, detection electrodes and lead lines, and a
driving module. The sensor driving electrode 1s disposed at
a position opposed to the display area of the display device.
The detection electrodes are opposed to the sensor driving
clectrode. The lead lines are disposed at positions opposed
to the non-display area of the display device and electrically
connected with the detection electrodes to allow the sensor
output value to be output from the detection electrodes. The
driving module supplies the sensor drive signal to the sensor
driving electrode and allows the sensor drive signal from the
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sensor driving electrode to be detected as the detection
signal by the detection electrodes to read variation of the
detection signal. In the sensor device, each of the detection
clectrodes comprises the body portion and the broadened
portion wider than the body portion. The body portion 1s
opposed to the sensor driving electrode. The broadened
portion 1s opposed to the non-display area without being
opposed to the display area, and 1s not opposed to the sensor
driving electrode either. In this sensor device, too, the same
advantages as those of the above-explained embodiments
can be obtained.

As described above, the sensor-equipped display device
and the sensor device capable of suppressing the sensor error
detection can be provided according to the embodiment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A sensor-equipped display device, comprising: a dis-
play panel which includes a sensor driving electrode dis-
posed 1 a display area for displaying an image, detection
clectrodes each including a body portion opposed to the
sensor driving electrode 1n the display area and a broadened
portion connected to the body portion and formed to be
wider than the body portion, and a lead line disposed in a
non-display area outside the display area and electrically
connected to the broadened portion; and a driving module
which supplies a sensor drive signal to the sensor driving
clectrode, allows the sensor drive signal from the sensor
driving electrode to be detected as a detection signal by each
of the detection electrodes, and reads variation of the detec-
tion signal via the lead line, the broadened portion being
disposed 1n the non-display area without being overlaid on
the display area in planar view, wherein the detection
clectrode comprises a connection portion, a first detection
line, and a second detection line extending 1n a direction 1n
which the first detection line extends, the second detection
line 1s longer than the first detection line, the broadened
portion includes the first detection line and the second
detection line, and the body portion includes the second
detection line, the first detection line and the second detec-
tion line of the broadened portion are connected to the
connection portion, and the connection portion 1s connected
to the lead line.

2. The sensor-equipped display device of claim 1, wherein
cach of the first detection line and the second detection line
1s shaped 1n a waveform.

3. The sensor-equipped display device of claim 1, wherein
the broadened portion includes mesh-shaped metal wires.

4. The sensor-equipped display device of claim 1, further
comprising;

an msular dummy electrode between the broadened por-

tion and the lead line.

5. The sensor-equipped display device of claim 1, further
comprising;

a plate-like block electrode making connection between

the broadened portion and the lead line.

6. The sensor-equipped display device of claim 1, wherein
the broadened portion of each of the detection electrodes
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disposed to be adjacent to each other forms a surrounding
portion arranged side by side with the non-display area.

7. A sensor device opposed to a display device including
a display area for displaying an image and a non-display area
outside the display area, the sensor device comprising: a
sensor driving electrode opposed to the display area; detec-
tion electrodes each including a body portion opposed to the
sensor driving electrode and a broadened portion connected
to the body portion and being wider than the body portion;
a lead line opposed to the non-display area and electrically
connected to the broadened portion; and a driving module
which supplies a sensor drive signal to the sensor driving
clectrode, allows the sensor drive signal from the sensor
driving electrode to be detected as a detection signal by each
of the detection electrodes, and reads variation of the detec-
tion signal via the lead line, the broadened portion being
opposed to the non-display area without being opposed to
the display area, wherein the detection electrode comprises
a connection portion, a first detection line, and a second
detection line extending 1n a direction in which the first
detection line extends, the second detection line 1s longer
than the first detection line, the broadened portion includes
the first detection line and the second detection line, and the
body portion includes the second detection line, the first
detection line and the second detection line of the broadened
portion are connected to the connection portion, and the
connection portion 1s connected to the lead line.

8. The sensor device of claim 7, wherein each of the first
detection line and the second detection line 1s shaped 1n a
wavelorm.

9. The sensor device of claim 7, wherein the broadened
portion includes mesh-shaped metal wires.

10. The sensor device of claim 7, further comprising:

an 1sular dummy electrode between the broadened por-

tion and the lead line.

11. The sensor device of claim 7, further comprising:

a plate-like block electrode making connection between

the broadened portion and the lead line.

12. The sensor device of claim 7, wherein the broadened
portion of each of the detection electrodes disposed to be
adjacent to each other forms a surrounding portion arranged
side by side with the non-display area.

13. A sensor-equipped display device, comprising: a sen-
sor driving electrode disposed 1n an outermost periphery in
a display area for displaying an image; detection electrodes
cach mcluding a body portion opposed to the sensor driving
clectrode 1n the display area, and a broadened portion
connected to the body portion and being wider than the body
portion; and a lead line disposed in a non-display area
outside the display area and electrically connected to the
broadened portion, the broadened portion being disposed in
the non-display area without being opposed to the sensor
driving electrode, wherein the detection electrode comprises
a connection portion, a first detection line, and a second
detection line extending in a direction 1n which the first
detection line extends, the second detection line 1s longer
than the first detection line, the broadened portion 1includes
the first detection line and the second detection line, and the
body portion includes the second detection line, the first
detection line and the second detection line of the broadened
portion are connected to the connection portion, and the
connected portion 1s connected to the lead line.

14. A sensor device disposed to be overlaid on a display
device mcluding a display area for displaying an image and
a non-display area outside the display area, the sensor device
comprising: a sensor driving electrode opposed to a position
in an outermost periphery in the display area; detection
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clectrodes each including a body portion opposed to the
sensor driving electrode 1n the display area, and a broadened
portion connected to the body portion and being wider than
the body portion; and a lead line opposed to the non-display
area and electrically connected to the broadened portion, the
broadened portion being opposed to the non-display area
without being opposed to the sensor driving electrode,
wherein the detection electrode comprises a connection
portion, a first detection line, and a second detection line
extending in a direction 1 which the first detection line
extends, the second detection line i1s longer than the first
detection line, the broadened portion includes the first detec-
tion line and the second detection line, and the body portion
includes the second detection line, the first detection line and
the second detection line of the broadened portion are
connected to the connection portion, and the connection
portion 1s connected to the lead line.
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